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(54) Device for controlling a variable Inlet nozzle of a turbine 



(57) A variable geometry turbine (1 ). particularly for 
a supercharger turbocompressor (2) of an internal conn- 
bustion engine, comprising an outer liousing (3) forming 
a spiral inlet channel (6) for an operating fluid, a rotor 
(4) supported in a rotary manner in the housing (3), and 
an annular vaned nozzle (10) of variable geometry in- 



terposed radially between the channel (6) and the rotor 
(4) and comprising a control member (14) moving axially 
in order to control of the flow of the operating fluid from 
the channel (6) to the rotor (4), the control member (14) 
being formed as an annular piston of a fluid actuator (20) 
actuated directly by means of a control pressure. 
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Description 

[0001] , The present invention relates to a variable ge- 
onnetry turbine. The preferred, but not exclusive, field of 
application of the invention is in superchargers of inter- 5 
nal combustion engines, to which reference will be 
made in the following description in a non-limiting man- 
ner. 

[0002] Turbines are known that comprise a spiral inlet 

channel surrounding the rotor of the turbine and a vaned io 
annular nozzle interposed radially between the inlet 
channel and the rotor. Variable geometry turbines (VGT) 
are also known in which the vaned annular nozzle has 
a variable configuration so that flow parameters of the 
operating fluid from the inlet channel to the rotor can be 15 
varied. According to a known embodiment, the variable 
geometry nozzle comprises an annular control member 
moving axially to vary the throat section , i.e. the working 
flow section, of this nozzle. This annularcontrol member 
may be formed, for instance, by a vane support ring from 20 
which the vanes extend axially and which can move ax- 
ially between an open position in which the vanes are 
immersed in the flow and the throat section of the nozzle 
is maximum, and a closed position in which the ring par- 
tially or completely closes the throat section of the noz- 25 
.zle. During the forward movement of the ring, the vanes 
of the nozzle penetrate through appropriate slots in a 
housing provided in the turbine housing In a position fac- 
ing this ring. 

[0003] The displacement of the annular control mem- 30 
ber is controlled by means of a control device compris- 
ing an actuator external to the turbine, of pneumatic or 
electrical type, and a kinematic chain of transmission of 
motion from the actuator to the annular control member 
of the nozzle. This entails relatively high costs and may 35 
limit reliability. In most known solutions, the accuracy of 
the control is also reduced, since the kinematic chain 
has significant play which tends to increase during the 
life of the device as a result of wear A further drawback 
connected with known solutions lies in the fact that 40 
known control devices require very precise adjustment 
which is a delicate operation. 

[0004] The object of the present invention is to provide 
a variable geometry turbine with a vaned nozzle provid- 
ed with an axially moving control member which is free 45 
from the drawbacks connected with known turbines and 
described above. 

[0005] This object is achieved by the present inven- 
tion which relates to a variable geometry turbine com- 
prising a housing, a rotor supported in a rotary manner 50 
in this housing, the housing defining an inlet channel for 
an operating fluid in the form of a spiral surrounding the 
rotor, and an annular vaned nozzle of variable geometry 
Interposed radially between the channel and the rotor 
and comprising a control member moving axially in or- 55 
der to control of the flow of the operating fluid from the 
channel to the rotor by varying a throat section of the 
nozzle, characterised in that the control member is 



formed as an annular piston of a fluid actuator, the tur- 
bine comprising a fluid control line, the control member 
being actuated directly by means of a control pressure 
via this fluid control line. 

[0006] The invention is described below with refer- 
ence to a number of embodiments, given by way of non- 
limiting example, and illustrated In the accompanying 
drawings, in which: 

Fig. 1 is a partial axial section through a variable 
geometry turbine of the present invention; 
Figs. 2. 3 and 4 are partial axial sections through 
variants of the variable geometry turbine of Fig. 1 ; 
Fig. 5 Is a graph showing respective control char- 
acteristics of the turbines of Figs. 3 and 4; 
Fig. 6 is an axial section through a further embodi- 
ment of a variable geometry turbine of the Invention; 
Fig. 7 is a perspective view of a nozzle of the turbine 
of Fig. 6. 

[0007] In Fig. 1 , a variable geometry turbine is shown 
overall by 1 ; the turbine Is advantageously used in a tur- 
bocompressor 2 (shown in part) for supercharging an 
internal combustion engine. 

[0008] The turbine 1 essentially comprises a housing 
3 and a rotor 4 of axis A supported in a rotary manner 
about the axis A and rigidly connected with a drive shaft 
5 of a compressor (not shown). The housing 3 defines, 
in a known manner, a spiral inlet channel 6 surrounding 
the rotor4 and provided with an inlet opening 7 adapted 
to be connected to an exhaust manifold (not shown) of 
the engine. The housing 3 further defines an axial outlet 
duct 8 for the exhaust gases at the outlet of the rotor 4. 
[0009] The turbine 1 lastly comprises a vaned annular 
nozzle 10 of variable geometry which is interposed ra- 
dially between the inlet channel 6 and the rotor 4 and 
defines a throat section 11 , i.e. a working section of min- 
imum flow of the nozzle 10, which can be varied to con- 
trol the flow of exhaust gases from the inlet channel 6 
to the rotor 4. 

[0010] The nozzle 10 Is formed by an axially moving 
vaned ring 1 2 bounding the throat section 1 1 with a wall 
13 of the housing 3 axially facing it. More particularly, 
the vaned ring 12 comprises an annular member 14 
mounted in an axially sliding manner In an annular 
chamber 15 provided in the housing 3 in a position fac- 
ing the wall 13, and a plurality of vanes 17 extending 
axially from the annular member 14 and engaging re- 
spective slots 18 provided in the wall 13 In an axially 
sliding manner. 

[0011] According to the present invention, the annular 
member 14 forms the piston of a fluid actuator 20. which 
is advantageously pneumatic, whose chamber 15 de- 
fines the cylinder, and is directly actuated by a control 
pressure pC via a control line 21 provided in the housing 
3 of the turbine and communicating with the chamber 
15. The control line 21 is connected to a control valve 
22. advantageously an electromagnetically controlled 
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proportional valve which is driven by an electronic con- 
trol unit {not shown) so as to provide a control pressure 
pC appropriate for the variation of operating parameters 
of the vehicle, as will be described in furtherdetail below. 
[0012] The annular member 14, advantageously hav- 
ing a hollow C-shaped section for reasons of weight re- 
duction, co-operates in a leak-tight manner with the 
chamber 15 by means of sealing members 23 of con- 
ventional type. In the embodiment of Fig. 1 , the annular 
member 14 therefore has a control surface 24 subject 
to the control pressure pC and a reaction surface 25 
subject to the pressure of the operating fluid. 
[0013] In operation, the control pressure pC acts axi- 
ally on the control surface 24 in the direction of closure 
of the nozzle 10. The operating fluid of the turbine 1 , in 
particular the exhaust gas, acts on the reaction surface 
25 in the opposite direction, i.e. in a direction such as to 
bring the nozzle 1 0 towards an open configuration. Any 
variation of the control pressure pC generates a dis- 
placement of the vaned ring 1 2 until a condition of equi- 
librium is reset between the control pressure pC and the 
pressure of the operating fluid. This means that each 
value of the control pressure pC corresponds to a value 
of the mean pressure of the operating fluid in the nozzle 
10 and therefore of the turbine inlet pressure pT at least 
until the vaned ring 12 is in contact with a mechanical 
stop at the end of its stroke. Controlling the control pres- 
sure pC is therefore equivalent to controlling the turbine 
inlet pressure pT which is one of the most important op- 
erating parameters of a supercharged engine. 
[0014] In operation, the operating fluid enters the noz- 
zle 10 in a substantially radial direction from outside, i. 
e. from the inlet channel 6. and is deflected by the vanes 
1 7 according to their pitch angle to the rotor 4. By means 
of the axial displacement of the annular member 14, the 
throat section can be varied from a maximum to a min- 
imum value which may be equal to zero in the maximum 
closed configuration of the nozzle 10. In operation, this 
condition causes the flow of operating fluid to stop and 
may be advantageously used, in an internal combustion 
engine/turbocompressor system, in the phases of brak- 
ing with the engine brake, cold starting and emergency 
stopping of the engine. 

[001 5] Figs. 2 to 4 show respective variants of the tur- 
bine 1, which are described below with respect to their 
differences from the turbine 1 of Fig.1, using the same 

reference numerals for components identical or corre- 
sponding to components already described with refer- 
ence to Fig. 1 . 

[001 6] In the variant of Fig. 2, the vaned ring 1 2 is sub- 
ject to the elastic recall force of one or a plurality of recall 

springs 25 acting in the direction of opening of the nozzle 
10. i.e. in opposition to the control pressure pC. The 
spring 25 improves operating safety as the elastic recall 
force makes it possible to overcome any frictional resist- 
ance that may occur during use. Moreover, the level of 
the control pressure pC needed for the closure of the 
nozzle 10 is increased, thereby improving the accuracy 



of control; it is known in practice that pressure regulator 
valves do not operate In a precise way at low pressure 
levels. A further effect of the spring 25 is to reduce the 
amplitude of the oscillations to which the vaned ring 12 
5 may be subject in use as a result of the pressure pulses 
of the operating fluid, for instance the exhaust gases of 
an internal combustion engine. 

[0017] Fig. 3 shows a variant of the turbine 1 whose 
chamber 15 has two portions 15a, 15b axially adjacent 

10 to one another and having a different working section: 
a first portion 1 5a adjacent to the throat section 1 1 of the 
nozzle 10 and having a larger working section and a sec- 
ond portion 1 5b communicating with the fluid control line 
21 and having a substantially smaller working section. 

15 [0018] The annular member therefore has a 
"stepped" structure and comprises a portion 28 sliding 
in a leak-tight manner in the second portion 15b of the 
chamber 15 and defining the control surface 24, and a 
portion 29 sliding in the first portion 15a and defining the 

20 reaction surface 25. The portion 29 also comprises an 
auxiliary thrust surface 30 facing the control surface 24 
and subject to the pressure of the operating fluid in the 
nozzle 10 via a passage 31. The pressure of the oper- 
ating fluid acts on the auxiliary thrust surface 30 simul- 

25 taneously with the control pressure pC. 

[0019] In this way. the control fluid flow needed for the 
displacement of the vaned ring 12 is reduced, making it 
possible to use a more compact and economic control 
valve 22. 

30 [0020] In the embodiment of Fig. 3, the auxiliary thrust 

surface 30 is radially external to the control surface 24 
and communicates with the nozzle 10 via a passage 31 
disposed upstream of the throat section 11 of this noz- 
zle; the auxiliary surface 30 is therefore subject to a 

35 pressure greater than the mean pressure acting on the 
reaction surface 25. In this way, it is possible to reduce 
the resultant of the pressure forces transmitted by the 
operating fluid to the ring 12 which acts on the vaned 
ring 12 in opposition to the control pressure pC up to a 

40 value substantially equal to the frictional resistance of 
the sealing members 23, There is therefore a substantial 
reduction of the amplitude of the oscillations of the 
vaned ring 12 resulting from the pressure pulses of the 
. operating fluid. 

45 [0021] In the variant of Fig. 4, the auxiliary thrust sur- 
face 30 is radially inside the control surface 24 and com- 
municates with the nozzle 10 via a passage 31 disposed 
downstream of the throat section 11 of this nozzle; the 
auxiliary surface 30 is therefore subject to a pressure 

50 smaller than the mean pressure acting on the reaction 
surface 25. This solution increases the level of the con- 
trol pressure pC needed to displace the vaned nng 12. 
and therefore makes it possible for the control valve 21 
to be operated at a greater pressure level, thus obtaining 

55 a greater accuracy of control. 

[0022] Fig. 5 is a graph in which the control charac- 
teristics C3 and C4 of the solutions of Fig. 3 and Fig. 4 
respectively are compared. The graph shows the tur- 
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. bine Inlet pressure pT (pressure in the inlet channel 6 
upstream of the nozzle 10) as a function of the control 
pressure pC In the line 21 . It can be seen from the graph 
that the turbine inlet pressure pT (on the ordinate) de- 
pends in a linear manner on the control pressure pC (on 5 
the abscissa) as a result of the principle of the equilib- 
rium of the forces acting on the vaned ring 1 2 discussed ■ 
above. It will also be appreciated that the level of control 
pressure pC. with the same turbine inlet pressure pT, is 
greater in the case of Fig. 4. io 
[0023] Fig. 6 shows a further embodiment of a turbine 
of the present invention, shown overall by 35. 
[0024] The turbine 35 differs from the turbines 1 de- 
scribed above in that it comprises a nozzle 36 formed 
by a pair of vaned rings 37, 38 which face one another 15 
axially and axially bound the throat section 11 . 
[0025] The vaned rings 37, 38 each comprise an an- 
nular member 39, 40 and a plurality of vanes 41. 42 rig- 
idly connected to the respective annular member 39. 40 
and extending towards the annular member 40. 39 of 20 
the other vaned ring 38, .37. 

[0026] The vanes 41 , 42 are tapered substantially as 
wedges such that the two pluralities of vanes 41, 42 can 
penetrate one another. 

[0027] The vaned ring 37 is secured to the housing 3 25 
of the turbine 35; the vaned ring 38 can move axially 
with respect to the ring 37 in order to vary the throat 
section 11 of the nozzle 36. 

[0028] According to the invention, the annular mem- 
ber40 of the vaned ring 38 is disposed to slide in a leak- 30 
tight manner in an annular chamber 45 provided in the 
housing 3 and forms an annular piston of a pneumatic 
actuator 20 for the control of the throat section 11 of the 
nozzle 36. The axial position of the vaned ring 38 cian 
therefore be directly controlled by varying the pressure 35 
in the chamber 45 in a completely identical manner to 
that described with respect to the turbines 1 . 
[0029] The vanes 41 , 42 are shaped so as to mesh 
with one another In a completely closed configuration of 
the nozzle 36, in which the vaned ring 38 Is in the posi- 40 
tlon of maximum axial advance and is disposed in con- 
tact with the vaned ring 37. The vanes 41 , 42 (Fig 7) are 
disposed in a substantially tangential direction on the 
respective annular members 39. 40 and have, in a sec- 
tion obtained with a cylinder of axis A. a triangular, and 
preferably saw-tooth, profile. 

[0030] Preferably, the vanes 41, 42 are bounded by 
respective flanks 46, 47 of complementary shape, for 
instance plane, which are adapted to co-operate with 
one another to define a predetermined angular position 50 
of the vaned ring 38 moving with respect to the fixed 
. vaned ring 37, under the dynamic action exerted by the 
operating fluid on the vanes 42 of the moving vaned ring 
38. 

[0031] The advantages that can be obtained with the 55 
present invention are evidentfroman examination of the 
characteristic features of the turbines 1, 35. 
[0032] In particular, the direct fluid control by the con- 



trol member of the throat section of the turbine makes it 
possible to avoid the use of external actuators and re- 
lated kinematic transmission mechanisms. This pro- 
vides a variable geometry turbine which is simpler, more 
economic and more compact; reliability is also in- 
creased as the risks of breakdowns of the kinematic 
transmission mechanism are reduced; the control of the 
turbine inlet pressure, which is one of the most important 
parameters In the control of supercharged engines, is 
lastly particularly simple, reliable and precise. 
[0033] It will be appreciated lastly that modifications 
and variations that do not depart from the scope of pro- 
tection of the claims may be made to the turbines 1, 35 
as described. 



Claims 

1. A variable geometry turbine (1. 35) comprising a 
housing (3), a rotor(4) supported In a rotary manner 
in this housing (3). the housing (3) defining an Inlet 
channel (6) for an operating fluid in the form of a 
spiral surrounding the rotor (4), and an annular 
vaned nozzle (10, 36) of variable geometry inter- 
posed radially between the channel (6) and the rotor 
(4) and comprising an axially moving control mem- 
ber (14, 40) in order to control of the flow of the op- 
erating fluid from the channel (6) to the rotor (4) by 
varying a throat section of the nozzle (1 0, 36). char- 
acterised in that the control member (14, 40) is 
formed as an annular piston of a fluid actuator (20), 
the turbine comprising a fluid control line (21), the 
control member (14, 40) being actuated directly by 
means of a control pressure via this fluid control line 
(21). 

2. A turbine as claimed in claim 1, characterised in 
that the control member (14) comprises a control 
surface (24) subject to the control pressure and ori- 
ented axially so as to move the control member (1 4) 
towards a closed configuration in response to an in- 
crease in this control pressure. 

3. A turbine as claimed in claim 2, characterised in 
that the control member (14) comprises a reaction 
surface (25) subject to the pressure of the operating 

fluid in the nozzle (10) and oriented axially in a di- 
rection opposite to that of the control surface (24). 

4. A turbine as claimed in claim 2 or 3. characterised 
in that the control member (14) comprises at least 
one auxiliary surface (30) oriented axially In the 
same direction as the control surface (24) and 
housed in an auxiliary chamber (15a) and connec- 
tion means (31) for supplying the operating fluid 
from the nozzle (10) to the auxiliary chamber (1 5a). 

5. A turbine as claimed in claim 4, characterised in 
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that the auxiliary surface (30) is disposed radially 
outside with respect to the control surface (24). the 
connection means (31) connmunicating with the 
nozzle (10) upstream of the throat section (11) of 
the nozzle (10). 5 

6. A turbine as claimed in claim 4, characterised in 

that the auxiliary surface (30) is disposed radially 
inside with respect to the control surface (24), the 
connection means (31) communicating with the io 
nozzle (10) downstream of the throat section (11) 
of the nozzle (10). 

7. A turbine as claimed in any one of the preceding 
claims, characterised in that the control member 15 
(14) is axially free, such that the axial position of the 
control member (14) is defined by the equilibrium of 

the pressure forces acting thereon. 

8. A turbine as claimed in any one of claims 1 to 6. 20 
characterised in that it comprises elastic means 
(25) adapted to urge the control member (14) to- 
wards an open configuration of the nozzle (10). 

9. A turbine as claimed In any one of the preceding 25 
claims, characterised in that the control member 

is an annular member (14) provided with a plurality 
of vanes (17) extending axially, the housing (3) hav- 
ing a plurality of slots (18)for housing the vanes (17) 
in a closed or partially closed configuration of the 30 
nozzle (10). 

10. A turbine as claimed in any one of claims 1 to 8, 
characterised in that the annular vaned nozzle 
(36) of variable geometry comprises a first vaned 35 
ring (37) and a second vaned ring (38) facing one 
another, each of the vaned rings (37, 38) comprising 

an annular member (39, 40) and a plurality of vanes 
(41, 42) rigidly connected to the annular member 
(39, 40) and extending towards the annular member 40 
(40, 39) of the other vaned ring (38, 37), these 
vanes (41 . 42) being tapered substantially as wedg- 
es such that the two pluralities of vanes (41 , 42) can 
penetrate one another, at least one (40) of the an- 
nular members (39. 40) being axially mobile with re- ^5 
spect to the other annular member (38) and forming 
the control member. 

11. A turbocompressor for an internal combustion en- 
gine, characterised in that it comprises a variable 50 
geometry turbine (1) as claimed in any one of the 
preceding claims. 

12. A method for the control of the turbine inlet pressure 

in an internal combustion engine supercharged by 55 
a turbocompressor (2), the variable geometry tur- 
bine (1) comprising a housing (3), a rotor (4) sup- 
ported in a rotary manner in this housing (3), the 



housing (3) defining an inlet channel (6) for an op- 
erating fluid in the form of a spiral surrounding the 
rotor (4), and an annular vaned nozzle (10, 36) of 
variable geometry interposed radially between the 
channel (6) and the rotor (4) and comprising a con- 
trol member (14, 40) moving axially in order to con- 
trol of the flow of the operating fluid from the channel 
(6) to the rotor (4) by varying a throat section of the 
nozzle (10, 36), in which the control member (14, 
40) is formed as an annular piston of a fluid actuator 

(20) and the turbine comprises a fluid control line 

(21) for the control member (14, 40), the method 
comprising the stage of supplying a control pres- 
sure via the fluid control line (21) so as directly to 
actuate the control member (14, 40). 
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